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INTRODUCTION

ient survival is generally accepted as the principal eriterion for
ring the effectiveness of treatment in cancer, The American College
rgeons requires the maintenance of & cancer registration and follow-
yrogram for approval of a hospital cancer program (7). Theimportance
ceounting for all cancer patients seen, both treated and untreated,
stressed by the Joint Committee on Reportmg Cancer End Results,?
eh formulated minimum rules for reporting survival (2).

hough the survival rate, i.e., the proportion of patients surviving a
Bpecified interval of time, is a smple concept, there has been a considerable
c of uniformity in computing it. Many phbysicians exclude deaths from
er causes, apparently because they consider it unfair to charge non-
cer deaths to the therapy being evaluated ; some only exclude operative
ths; others exclude deaths in which the cancer in question was not
wn to be present at time of death. When survival rates are used to
uate the effectiveness of therapy, as they invariably are, the exclusion
perative deaths is hardly defensible. When one series of patients has
n treated surgically and a similar series radiologically, the exclusion of
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operative deaths is tantsmount to saying that these deaths are
attributable to surgery, i.c., that these patients would have died evey
treated by radiotherapy. This is obviously invalid.

The exclusion of “noncancer deaths’ is frequently not possible and §
conceptually objectionable. Most hospitals operating cancer registy;
do not, obtain copies of death certificates on patients dying outside
hospital. Thus, information on cause of death is not available in mgy
instances in which accurate information on time of death is at hap,
Furthermore, the death certificate description of the sequence of eve
leading to death is [requently incomplete or inaccurate (3, 4). Moreovep
aside from the question of acecuracy of information, it is often difﬁcui
to interpret known facts. Suppose a cancer patient commits suicide, ()
suppose a patient with hyperthyroidism is irradiated and dies of leukem;
several years later. Are these or are these not to be considered deaths
due to cancer? In discussing the issue of deaths due to “other causes
Paterson, Tod, and Russell (5) stated: . . . no figures which depend
opinion as to the cause of death . . . can be accepted as completel
reliable, particularly if they are to be used to compare the value of differey
methods of treatment. . .. Death from intercurrent disease may b
interpreted in two ways: 1t may mean that at the time when the patien
died of another disease or injury ne sign of cancer could be found, or it ma
mean that he died of another cause but with cancer present. Even wer
agreement on interpretation to be reached, it is still a matter of opinio;
dependent on skill in examination whether there were signs of cancer o
not, and whether the supposed other cause was not itsell another man
festation of the disease.” In discussing the same issue, Berkson and Gag
(6) stated: “The determination of whether a death is entirely due t
cancer or entirely due to other causes is difficult to establish, if indeed it i
even possible to define precisely. Actually, in most cases it is impossibl
to establish unequivocally, . . .

Although it may be possible to establish acceptable rules for assignin,
causes of death, valid interpretation of cause-of-death data requires mor
detail than is generally available to a cancer registry, Since most cance
patients are past middle age, their risk of dying from other causes is no
negligible and it is necessary to adjust for this risk in analyzing thei
survival experience. This is particularly true when one compares patien
groups which differ with respect to factors closely associated with differ
ential mortality risks, e.g., sex, age, race, and calendar period of diagnosi
The relative survivel rate provides the necessary adjustment for expecte
mortality from causes other than the disease under study without requirin
information on causes of death.

THE RELATIVE SURVIVAL RATE

The actuarial or life-table method for computing survival rates has beel
described elsewhere (7-9). The actuarial computations describe th
pattern by which a group is depleted over a series of time interval

ity is more
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ethod enables one to use all survival information available on the
ing date of the study, even the data on patients who entered too late
e observed for the desired length of time, e.g., 5 years. However, in
iding the data for late entries, one assumes that their survival exper-
e subsequent to the closing date will be similar to that of patients under
rvation for the entire period. If this assumption is not valid, the
sdure is biased (10).
he historical development and an explanation of the general method-
y of the relative survival rate has been given elsewhere (11). We will
fly review the basic concepts and then consider methods for estimating
cted survival in a “normal”’ population, and develop an expression for
s standard error of the relative survival rate.
The relative survival rate, which has also been referred to as “the sur-
ral ratic” and “the survival rate adjusted for normal life expectancy,”
ides the answer to Berkson’s question: “What is the survival rate
far as cancer is concerned?” (12). It is based on the hypothesis that
roup of cancer patients is subject to two forces of mortality: 1) mor-
ity from. the specific form of cancer under study, and 2) mortality from
other possible causes of death.’ We shall define the relative survival
¢ a8 the ratio of the observed survival rate in a group of patients, during
pecified interval, to the expected survival rate. The expected survival
e is that of & group similar to the patient group in such characteristics
age, sex, and race, but free of the specific disease under study. A relative
val rate of less than 100 percent indicates that, during the specified
erval, mortality in the patient group exceeded that of persons in the
eral population free of the disease under study. A relative survival
equal to 100 percent indicates that, during the specified interval,
rtality in the patient group was equal to that in the general population.

us, analysis of the relative survival rate for successive follow-up in-
vals permits us to determine whether the mortality rate in a patient
up declined in such a fashion so as to approximate a normal level in
pecified number of years. The attainment and maintenance of a

ive survival rate equal to 100 percent, after a reasonable number of

of follow-up, would indicate that a fraction of the patient group

scaped the force of mortality due to the specific form of cancer under
y. This would be presumptive evidence that this fraction had been

cessfully treated, and it would be possible to estimate the size of this

on.

e relative survival rate has been referred to as “the age-adjusted
urvival rate” but it should be noted that the relative survival rate ac-

nplishes age adjustment only in part. It does adjust for the association
tween age and the risk of dying {rom other causes, but not for possible

sociation between age and the risk of dying from the specific form. of

pointed out by Berkson and Gage (8), this hypothesis undoubtedly *, . . oversimplifies the facts; that the

of cancer influences the probability of death from other eauses . . , and that the effect of treatment on

tality 1s more complicated than the sharp dichotomization pictured, But it appears that these complexities
ot disturb too violently the effective use of a simplified model.”
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cancer under study. For example, it has been shown that prognosis iy
ovarian cancer varies inversely with age. The outloock for younger
women, relative to survival in the general population, is clearly better
than for older women (13). Therefore, in comparing the survival experi-

ence of two sevies of patients with ovarian cancer of unlike age compogi.

tion, one must age-adjust the observed and relative survival rates by
standard statistical methods.

THE EXPECTED SURVIVAL RATE

Use of Population Life Tables

The expected survival rate was defined as the rate for a population
similar to the patient group, but free of the specific disease under study.
Life tables published by the National Office of Vital Statistics are a readily
available source of information from which expected survival rates may
be estimated. The life-table population may be loocked upon as a control
group.

Since population life tables reflect the force of mortality from all causes
of death, it would seem desirable to adjust the life-table values so as to
eliminate deaths due to the disease under study. In practice, this is
rarely necessary. Berkson and Gage (7, 12) and Cutler ¢t al. (14) have
argued that mortality for a specific site constitutes a negligible fraction
of total mortality and that, therefore, survival rates computed from
general population life tables provide satisfactory estimates of expected
rates in analyzing survival of patients with cancer of a specific site. Mil-
more (15) has shown that eliminating cancer of the breast as a cause of
death has, for most age groups, little effect on total mortality of women.
Ederer and Heise (16) found that eliminating cancer of the stomach as
a cause of death has little effect on the expected and relative survival
rates, even over an interval of 15 years. Although we generally are not
concerned with analyzing the survival of patients with all forms of cancer
combined, Ederer and Heise investigated the effect of eliminating all
cancer deaths in estimating expected rates from population life tables.
They found that this adjustment affected 5- and 10-year relative survival
rates to a small degree. Since we are usually concerned with analyzing
survival of patients with specific forms of cancer, it appears that we do
not need to make an adjustment in estimating expected survival from
population life tables. Furthermore, entirely eliminating a specified form
of cancer as a cause of death generally overcorrects the estimated expected
rate. Although the control group should be free of the discase under
study at entry to observation, it does not follow that the control group
should not be subject to the risk of subsequently developing the disease
and dying therefrom. Unless the organ of origin of the cancer under study
is completely removed, even the successfully treated patient is subject
to the risk of developing a second cancer at the same site.
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t is well known that survival varies with sex, race, and age. These

ora present no problem to the person computing expected survival

« because separate life tables are available for white and nonwhite

os and females, and the influence of age on life expectancy is specifically

cribed in the life table. Whereas separate life tables are avaﬂable. for
ividual geographic regions, it is interesting to note that 5-year survival

oa for the geographic regions of the United States differ rather little

m one another, except that nonwhites in the Mountain and Pacific

isions have higher rates than those in other divisions (table 1).

1% 1—Expected 5-year survival rates at age 60, by sex, race, and geographie

ivision, United States, 1040-51% (vates are expressed as percents; geographic
svisions are as defined by U.8., Bureau of the Census)

White Nonwhite
Males Females Males Females
Per- Per- Per- Per-
cent cent cent; cent
differ-~ differ- differ- differ-
ence ence ence ence
from from from from

Geographic division ~ Rate U.8. Rate U.S. | Rate TU.8. Rate 0U.SB.

; ited States 26. 8 —_— 92,2 - 8l. 4 —_— 848 —
ew England Division 8.3 0.6 0L.5 —0.8|827 1.6 869 2.5
eddle tlantic Di\lrisf)qn 85.4 -1.6 90.8 —1.5|8L0 —05 848 00
st th Central Di-
as}si(l)\i;) ! 86. 8 0.0 6.9 —0.3|80.8 —0.7 86 —02
h Central Di~
: sti}:igl(}rt enire 88.7 2.2 93.3 1.218.98 —0.6 8.4 0.5
Gouth Atlantio Divifi%: 8.7 —~0.1 928 07{79.2 —27 85 —1.5
tast South Central Di-
Ea\?;siogu D 88 3 1.7 9831 1.0 | 82.0 0.7 8.5 —04
V. th Central Di-
Wﬁ?ﬁiiﬁ’ ! 88. 0 1.4 887 1.618.8 .23 26 1 1.5
Mountain Division 87.9 1,3 93.1 1.0 | 86. 8 6.8 891 51
Pacific Division 8.7 —~0.1 929 0.8 85 3 4.8 80.3 5.3

“sSource; National Office of Vital Statisties: Life Tables for the Geographls Divistons of the. United Siates
049-51. Vital Statistics— Special Reports, Vol. 41, No, 4, July 26, 1936,

Whereas published life tables permit adjustment for sex, Tace, age,
d geographic area, they provide no information on a variety of oﬂ(}er
factors associated with longevity, Consider two groups of patients with
4 specified disease, one treated in a research center and the oth?r treat‘ied
in a county hospital. These two groups would probably differ with

_ respect to socioeconomic status, occupation, and ethnif: ba.ckgm}md: No
. Iife tables are available which reflect the differences in mortality in the

populations from which these patients were drawn. This does not mean
that no useful information can be obtained from available life tables.
However, one should keep in mind the possible influenece of such factors
a8 socioeconomic status and occupation in interpreting the results.

- Some population characteristics are not only associated with longevity,
but also with the incidence of cancer. Maurital status, urban versus

CANCER: END RESULTS AND MOKRTALITY TRENDS
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rural residence, income, and smoking are associated with the incidence
of at least some forms of cancer (17-19). Thus, the distribution of these
characteristics among cancer patients differs from that AIMONg Persong
in the general population. For example, one would expect more stmokerg
among patients with lung cancer than in the general population. Sineg
general mortality is higher for smokers, general population life tables,
unadjusted for smoking history, will tend to overstate the SUrviva)]
expected in the controls for patients with lung cancer.

It is of interest to explore the effect of associations, such as that between
smoking and lung cancer, on the appropriateness of expected survivg]
rates computed from published life tables. One can adjust life-tablg
survival rates for the effect of smoking by using available mortality data
for smokers and nonsmokers and data on the distribution of smokerg
among cancer patients and in the general population.

Columns (1) and (2) of table 2 illustrate the difference in amount
of smoking between males in the general population and male lung cancer
patients: 56 percent of the general population (ages 55-64) are non-
smokers of cigarettes, compared to only 7 percent for lung cancer patients;
smokers of 1 or more packs of cigarettes per day constituted 11 percent
of the general population, and 75 percent of the lung cancer population.
The mortality rates (all causes) of cigarette smokers (column 3) relative
to nonsmokers varied from 1.34 for smokers of less than ¥ pack to 2.23
for smokers of 2 or more packs. The effect of adjusting for smoking, as
shown in the remaining columns of table 2, is to increase the expected
percent dying in 1 year from 2.5 to 3.6, and in 5 years from 13.6 to 19.4,
When these percents are translated into survival (see table 3), and rel-
ative rates for lung cancer, for all cases and those treated by surgery,
are computed, the differences, as shown in the last column of table 3,
are quite small. The very low survival rates experienced for lung cancer
contribute materially to the smallness of the differences. Table 3 also
shows that if a hypothetical Jung cancer treatment yielded a 1-year sur-
vival rate as high as 95 percent, the adjustment for smoking would not
materially change the expected rate. However, if this miraculous treat-
ment yielded 75 percent 5-year observed survival, adjusting for smoking
would change the relative rate from 87 to 93, a noteworthy difference.
Thus, we see that, under certain circumstances, associations between
population characteristics with cancer and with general mortality may
have significant effects on the accuracy of estimated relative survival
rates,

Lung cancer and smoking were purposely chosen in this illustration
because of their exceedingly strong association. Aside from age and sex,
smeking has been shown to have greater association with cancer than any
other factor. Marital status is associated with cancer of the breast,
cervix, and ovary. However, since only a small proportion of women over
35 are in the “never married” group (less than 10%) it seems unlikely
that adjusting for marital status will appreciably change the relative sur-
vival rates for cancer of these sites, especially in view of the facts that

NATIONAL CANCER INSTITUTE MONQGRAPH NO. 6
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TasLE 2,—Expected mortality among male lung eancer patients, 55-64 years of age,
adjusted for amount of cigarette smoking

Pereent of total Expected percent dying

Uuited Mortal- In 1 vear In 5 years
Packoagesof  States Male ity ~
cigarcttes males lung ratio Adjusted Adjusted
smoked per age cancer (all Tnad- for ~ Unad- for
day 55~64*  patientst causes): justedd smoking| justed§ smoking{|
ey (2) 3 {4 (3) (6) (7
Total 100 100 1. 31¢ 2,5 3.6 13.6 19. 4
None*¥ 56 7 1. 00 1.9 —_ 10, 4 —
Less than } 9 4 134 2.8 —_ 13. 9 -—
31 24 14 1.70 3.2 — 7.6 —
1-2 10 60 1. 96 3.7 — 20. 3 —
24 1 15 2,23 4.3 — 23.2 —

* Bource: Haenszel, Shimkin, and Miller {20},

1 Source: table 4, Breslow et al, {21).

$Mortality relative to nonsmokers. Source, except for “total” line: Hammond and Horn (/9).

§ Entry in “total’” line computed for age 60 from T.S. Life Tables, 1449-31: entry for cach smoking class com-
puted by applying quotient of mortality ratio for smoxing class to total mortality ratio to the entry in “wotal®
line of this column,

fi Weighted average of the expected percents dying, with data of columu (2) as weights,

§ Weighted average of mortality ratios of smoking subigroups, witk data in column (1) as weights.

** Includes oceasional smokers (less than 1 cigarette per day).

TarLr 3.—Effect of adjustment for amount of smoking on the relative 1- and S-year

survival rates of lung cancer patients

Survival rate (9g)

Exneeted Relative
Differ-
Expected ence
percent dyving between
—— adjusted
Treatment and Unad- Adjust- Unad- Adjust- Ob- Unad- Adjust- and un-
survival period justed  ed  justed ed served® justed ed adjusted
1-Year
All patients 25 3.6 975 064 182 187 189 0,2
Treated by surgery 2.8 3.6 90U.3 964 46,6 47.8 48 3 0.5
Hypothetical treat-
ment, 26 36 95 96,4 050 974 908 4 11
5-Year
All patients 13.6 19.4 864 80.6 4.1 4.1 5.1 0. 4
Treated by surgery 136 19.4 &6 4+ 80.6 134 155 16.6 1.1
Hypothetical treat- N
ment 13.6 19.4 86.4 80.6 750 86.8% 981 6.8

*Souree for all cases and surgical treatment: Connesticus, 1947-51 (22,

adjusting for smoking did not materizally change the relative survival rate
for lung cancer.
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Adjustment for Secular Trend

Dublin and Spiegelman (23) and Moerrell (24) have distineuished be-
tween the static and Jouent life table.  The static life table, also referred
1o as the tine-specifie life table, is based on age-specifie mortality rates
5 0f a given point in time, The fluent life table, elso referred to s the
whort or generation life table, takes into account the change in mortality
over calendar time. Thus, constructing a fluent life tuble for the genera-
ion born in 1910, one would yse the 1910 mortality rates for the 1st year
{ life, the 1011 mortality rates for the 24 Year of life, the 1912 mortality
es for the 3d year of life, ete. The decline in general population
ortality rates during recent decades bas been very impressive. The
ortulity rate, per year per 1,000, for a 50-vesr-old white female was
9.59 in 1930, 7.62 in 1940, and 5.61 in 1950 Milmore (15) has pointed
out that use of static life tables during an era of declining general mortal-

yrates can lead to overestimation of improvement in surviva) for cancer,
Table 4 shows that the effect of the decline, since 1930, in general mortal-
ty rates on the expected survival rates is small for the 5-year rate, hut is
appreciable for the 10- gnd 13-year rates, particularly for the older ages,
Table 5 compares fluent and static life tables in their effeot on the relative
urvival rates for localized and regional breast cancer (Connecticut, 1935~

ABLE 4.~—Five-, 10, and 15-year expected survival rates for white males and white
females, computed from 1.8, Life Tables 1929-31, 193941, 1949-51, and 1957

(rates are expressed as percents)
e - -_‘_',_‘—M—'”—“—————-—-—»M

White maleg White females

1920- 1936~  1o40- 1857 I 1920~ 1030 1940- 1957
31 41 51 I3t 41 ol

e —

e

96. 2 70 976 gorg 971 976 9 4 98, 6
9.2 927 639 945 ! 923 940 08 4 98, §
47 86.5 883 &g 1 i 852 908 939 93. 3
|
|
929 933 940 943 l! 46 956 067 96. 7
83.4 842 855 sj o 71 804 018 92 1
Le 724 742 74 ’ TR0 806 847 85. &
|
835 860 8.8 858 | 8.4 90,2 929 92, 6
06 688 Tt ees | 7o gwe  ob? 81 2
.6 493 521 511 541 386 653 66. 6
|
0.4 TL5 737 733 ‘ 741 766 805 81 @
Ll 425 484 471 | 4g 0 49.5 56,3 60. 0
181 193 232 9230 ’ 219 248 31§ 339
4.0 454 501 48 8 .' 474 50,2 5@ 1 56. 5
13, 7 14, 2 17. 5 na* | 161 17. 5 22 8 n.a.
2.7 2 8 3.9 n.s " 3.5 8 5 8 n.a.
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110 EDERER, AXTELL, AND CUTLER

44). The last two columns of this table show that the difference between
the relative rates computed by the two methods is small for the 5-year
but large for the 10- and 15-year rates for the older ages.

Adjustment for Changes in Age Composition of Patient Group

When analyzing the survival experience of a patient group over an
extended number of successive follow-up years one needs to take into
account not only the changes in general population mortality for individ-
ual age groups, but also changes in the age distribution of the surviving
mermbers of the patient group. For example, of 1,535 patients with
localized bresst cancer diagnosed in Connecticut during the period
1035-44, 20 percent were 35—44 years of age and 20 percent were 65-74
years of age. At the end of the 15th year of follow-up, survivors of the
35-44-year cohort account for 32 percent of all survivors, whereas survivors
of the 65—74-year eohort account for only 10 percent. Thus, in com-
puting the expected survival rate for those breast cancer patients who
survived 15 years, say, for the 15-20-year interval, we ought not to base
this on what the age composition of the original patient cohort would
have been after 15 years had they all survived, but on the age composition
of those who actually survived, otherwise we would understate the
oxpected survival rate by a considerable amount,.

Specific Methods of Computing Expected Survival Rates

An exaet method.—One can establish the exact expected survival rate
for a group of patients by determining the survival probability for each
individual, and then taking the average for the entire group. This
method can be used to good advantage when expected rates are required
not only for the total group, but also for each of a host of subgroups
resulting from subclassification according to pertinent variables, such as
stage of disease, treatment, age, calendar period of diagnosis, etc. When
cach patient is represented by a punch ecard, then, with the help of an
electronic computer, one can obtain the survival rate for each subgroup
by selecting the appropriate cards and taking the average of the individual
survival probabilities. The totality of computations, i.e., the observed,
expected, and, if desired, the relative survival rates and standard errors,
can then be carried out simultaneously. However, if the number of
computations required is large, a small or medium-gsized computer may
be inadequate, and a large-scale computer may be necessary. If a large-
scale electronic computer is not available, or if the number of rates to be
computed is small, approximate methods of computation can be used,
some of which are quite simple. We shall review several of these.

Approrimate methods.—As early as 1908, Brown and Pope computed
expected survival rates for tuberculosis patients (25). They assumed
that all the patients were age 30, and entered Farr’s English Life Tables
at that age to determine expected qurvival. Tuberculosis patients in that
era had & narrow age range. Also, survival varies little with age at the
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unger ages; therefore this approximation did not entail a large error,
atbanson and Weleh (26), in 1938, proposed that the median age of

east cancer patients be calculated and the expected survival rate for

that age be determined from published life tables. Berkson and Gage

{27) suggested using the average* (rather than the median) age, but

added that a more precise result is sometimes obtained by weighting the

age-specific expected rates in proportion to the age distribution of the

tients. We have found that using the mean or median of the entire

tient group docs give a satisfactory estimate of the expected survival

e for the 1-year, but not necessarily for the 5-year interval, particularly

en a disease affecting a wide age range, such as breast cancer, is

cerned.

Cutler et ol. (11, 18, 28), in a recont analysis of cancer survival data

m the Connecticut Tumor Registry, obtained accurate expected rates
h the following approximate method.?

1. A central year was chosen to represent the calendar period
during which the patients entered observation, e.g., 1940 for
1935-44.

2. The cases were divided into seven age groups: under 35, 35-44,
45-54, . . ., 85,

3. A central age was chosen for each of the age groups: 30, 40,
..., 90.

4. For each of the central ages, the expected survival rate was
determined from published life tables for the general population.
This yielded the age-specific expected rates.

5. The age-specific rates obtained in step 4 were weighted in
proportion to the number of cases alive and under observation
ab the beginning of the follow-up interval for which the rate was

computed. The average of the weighted rates was the expected
rate for all ages combined.

his method served two purpeses: 1) to compute the age-specific expected
ival rates for an analysis of survival by age and 2) to compute the
ected rate for all ages combined. The rather Iengthy ecalculations
re carried out by a medium-sized electronic computer. However, one
not always interested in analyzing age-specific survival rates. Usually
o over-all rate is the primary concern. We shall present o method for
culating expected survival rates for all ages combined, which can be
ed by investigators who do not have access to an electronic computer,
& method we propose can also be useful to investigators who have
coss 0 an electronic computer, but desire interim results until the
gram is written and the computations are scheduled. The calculations
‘be carried out on a desk calculator, or even with pencil and paper,

Weouse the torms “average,” “arithmetic mean,” and *“mean” synonymously,
'he scouracy of this method was recently tested in an analysis of 436 breast cancer patlents. The exact §-year
cted suirvival rate was 93.1 percent, compared with 92.5 as computed by Cutler’s method,
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TEXT-FIGURE 2.—xpected 5-year survival rates for white and nonwhite males and
females, 1950. (From U.B. Life Tables, 1949-51.)

A simple approzimate method for calculating expected survival rates.—
Text-figure 1 shows that expected i-year survival rates are approximately
linear over the entire age range, with but slight curvature after age 65,
but that the 3- and 5-year rates curve sharply aflter age 45. Text-figure 2
shows that 5-year survival rates can well be represented by three straight
lines; one for under age 30, one for 30-65, and one for 65-+. When the
expected survival rate is linear over an age interval, the expected rate
for a group of patients in that interval is given exactly by the rate for the
average age in that interval® We therefore recommend using either the

Hee groups.

¢ Congider n» pationts 826 21, T, - » » Ty - o « ¥ny where the ages lie in the intervel from & to b. Let z be the :
average age of the patlents, and p(x) the expected survival probability at agex. Tf p(2) is linear over the interval e,

from o to b, then it can easily be shown that the average value of p(z) for the n patients is exactly equsl to the
value of the function at the average value of z, [

2 2 ptw)=p(E).

this paper we sl
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wrage or the median age for determining the expected 1-year survival rate,

vl the weighted average of the age-specific expected rates of each of two or

ree age groups divided af ages 30 and 65 to determine the 3- or d-year

roival rate. When most of the patients are over 30, as for most types of
ncer, two age groups are sufficient: under 65, and 65 or more.”” The

wing is a step-by-step procedure for caleulating the expected 3- or

year survival rate for all ages:

1. Divide the patients into three age groups, under 30, 30-64,

and 65 or more, and for each group determine the mean (or
median) age.

2. Determine the expected rate for each of the three ages
obtained in step 1, either by calculation from published life
tables for the general population, or directly from table 6.
The use of table 6 will be explained later.

3. Compute the average of the three rates obtained in step 2
by weighting each rate in proportion to the number of cases alive
at the beginning of observation.

In computing the 1-year expected rate it is not necessary to divide the
tients into groups, thus steps 1, 2, and 3 can be combined into a single
p: compute the average (or median) age of the entire group and use
le 6.

We will illustrate the 3 steps of this method by calculating the relative
ear survival rate for 180 patients with cancer of the uterine corpus
b, regional spread of disease, diagnosed in Connecticut, 1945-54. We
indebted to the Conmnecticut Tumor Registry for providing us with
se data.

Of the 180 patients, 113 were under age 65, and the remaining 67 were
or older. Only 1 patient was under 35, hence we will use only two
- groups. The number of cases by 10-year age group is:

Total, all ages 180
Subtotal, under 85 (118)
Under 35 1
35-44 13
45-54 42
55-64 57

Subtotal, 65-- 67)
65-74 51
75-84 16
85+ —

erapirical tests of 18 cohorts of cancer patients, the average age ranging from 46 to 72, we found that dividing
hort into two age groups at age 60, 65, or 70 yielded very sstisfactory estimates of the expected survival rats,
‘this paper we are arbitrarlly recommending age 85, although 60 or 70 would also be satisfactory,
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116 EDERER, AXTELL, AND CUTLER

From these data, the average age of the patients under 65 can be deter.
mined as 53.7 years, and for the older group as 72.4 years.® 'The respective
median ages are 55.1 and 71.6.°

Table 6 shows 1-, 3-, and 5-year survival rates by age, sex, and race for
1940, 1945, 1950, and 1955, computed from life tables for the United States,
We select, from table 6, the values for calendar year 1950, because this ig
the midpoint for our group, which was diagnosed 1945-54. In general, it
is not necessary to interpolate between calendar years in table 6, because
the differences between values for successive 5-year calendar intervals
are small. For example, if the patients entered the study, i.e., were
diagnosed, admitted, or treated, during the period 194450, inclusive, we
would select the values for 1945 from table 6, 1045 being the year nearest
1647, the midyear of 1944-50.

The ages in table 6 are given in 5-year intervals, and here it is necessary
to interpolate. Using the table of 5-year expected survival rates for white
females (virtually all the Connecticut patients are white) for 1950, we
interpolate between ages 50 and 55 and between ages 70 and 75 to obtain,
respectively, rates of 95.4 and 75.4 percent for the average ages 53.7

and 72.4.
We now compute the average of 95.4 and 75.4, weighting each by the

number of cases, 113 and 67, respectively.

(113 X 95.4) + (67 X 754) _ ¢o g
113 + 67 = oo

We shall use the 5-10-year interval of follow-up to illustrate the calcula
tion of the expected survival rate for an interval subsequent to the startin
point of the study. We have to consider two items: the average age of th
patients alive and under study at the beginning of the 6th year, and th
calendar year of the life table for looking up the expected rate.

Of the original 180 patients with cancer of the corpus, 38 were alive an
under study 5 years after diagnosis (92 had died, 6 were lost to follow-up
and 44 were alive but under observation for less than 5 years at the closin

8 In computing the average nges, we assumed that the cases were concentrated at the midvalues of the 10-y
age intervals, e.g., 40, 50, ete. For the group under age 35, we arbitrarily assumed ags 30 as the midvalue; the
were 10 cases 85 or older, otherwlse we would arbitrarily sssums s midvalue of 90 for this group. The aver
ages can, of course, be computed more exactly fror ungrouped data. However, grouped data are sufficient]
aceurate, snd often more convenient to work with, especially when the number of cases Is large and punch
cards areused. The method of computing the srithmetic mean for both grouped and ungrouped data is explain

in introduetory textbooks in statistics.

¥ Tt may, in certain instances, be easier to compute the median than the mean. For example, if each patie
is represented by a card, then one can easily determine the medinn age by arranging the cards in order of a#s
the patient. The middle card, or the aversage of the middle two cards, is the median. The method for comput!
the median from grouped sud ungrouped data is explained in introductory toxtbooks in statistics.
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vation for less than 5 years at the closi

at the cases wore concentrated at the midvalues -of the 1.0'-2;08!:
or age 35, we arbitrarily assumed age 3_0 a5 the mxdvalue,.t

itrarily assurmne & midvalue of 90 for this group. The aw. erﬂ ;
om ungrouped data. However, grouped data are suﬁ‘icm; eg
h, egpecially when the mumber of cases is large ax}d puni;edi
hmetie mean for both grouped and ungrouped data is explainel:

le, if each patiefs

to the median than the mean. For example, ;
gllzlnine the median age by arranging the cards in order of aget:
e mmiddle two cards, is the median. The method for computing;

sxplained in introductory textbooks in statistics.
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The distribution by age at diagnosis for these patients

Total, all ages 38
Subtotal, under 85 (30)
Under 35 1
35-44 4
45-54 14
5564 11
Bubtotal, 654 (8)
65-74 8
75-84 e
854 —

rom these dats, the average age at diagnosis is 51.7 years for the patients

der 65 and 70.0 for those 65-, thus the average ages 5 years after diag-
sis are 56.7 and 75.0, respectively. Whereas we used the 1950 life-table
Jues for determining the expected rates at disgnosis, we now, 5 vears
ter, use the 1955 values. From table 6 we obtain 94.9 and 72.1, respec-
vely, as the expected 5-year rates for ages 56.7 and 75.0. We now aver-
e these rates, weighting them in proportion to the number of cases alive
the beginning of the interval, to obtain the expected 5~10-year survival
te:

(30 X 94.9) 4 (8 X 72.1)
30 + 8

= 90.1

It will be noted that, in the preceding calculations, the dividing Lne
s at age 70, 1.e., 65 at diagnosis plus 5 years, rather than at age 65,
wever, as explained in footnote 7 on page 113, this procedure is
septable.
When computing long-term expected survival rates, one needs to take
0 account the secular trend in general population life-table values.
ereas differences in mortality rates between successive calendar years
d to be small, they become appreciable over, say, a 10-year period.
us, when calculating expected survival rates for intervals greater than
éars, we recommend subdividing the follow-up interval into 2 or more
vals of 5 years or less. This is a modified application of the cohort,
generation life table (23, 24). We will illustrate the calculation of the
year expected rate for the 180 patients, of the previous example, with
er of the corpus.  We subdivide the 0—10-year follow-up interval into
 5-year intervals, 0~5 and 5-10, and subdivide the patients into two
 groups, under 65 and 65-+. From the average age at diagnosis of the
ients in each age group (53.7 and 72.4) we determine the 0-5-year
ected rates from the 1950 life-table values, as shown in the preceding
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section. We now add 5 years to these average ages, and determine the
5-10-year expected rates from the 1954 life tables and have the following:

TUnder 65 65+
Follow-up Average Expected Average Expected‘
interval Life table age rate age rate
0-5 1950 53. 7 095, 4 72, 4 75 4
5-10 19565 58. 7 93. 9 774 64. 8
0-10 80. 6 489

We obtain the 0-10-year rate for each age group by multiplying the 0-5-
year rate by the 5-10-year rate, and obtain the 0~10-year rate for all ages
by weighting the age-specific 0-10-year rates in proportion to the number
of cases alive at diagnosis. Note that we use the number of cazes at
diagnosis as weights because we are concerned with the proportion of
expected survivors measured from diagnosis. The rationale for this
approach has been explained in detail (29). The expected 10-year sur-
vival rate is:

(113 X 89.6) + (67 X 48.9) _ 45
113 + 67 -

THE STANDARD ERROR OF THE RELATIVE SURVIVAL RATE

The standard error provides a measure of the confidence with which one
may interpret a statistical result. Thus, the standard error of the sur-
vival rate indicates the extent to which the computed rate may have been
influenced by sampling variation. For example, by adding and subtract-

ing twice the standard error to and from the computed survival rate, one |
obtains an approximate 95 percent confidence interval. This means that |
in repeated observations, under the same conditions, the true survival rate ;

will lie within a range of two standard errors on either gide of the computed
rate an average of 95 times in 100.

When the survival rate has been calculated by the life-table method, the

standard error may be computed from Grecnwood’s formula (30) ; detailed
explanations of this formula, with applications, have been given (8, 9)

When the observed survival rate has been computed by the direct method &
(7, 12, 27), the standard error may be computed from the binomial formuls:

Vp(1—p)[n, where p is the survival rate and 7 is the number of patient
exposed to the risk of death. The latter formula can also be used fo
single intervals of follow-up when the life-table method has been used
Approximate values of twice the standard error of the 1-, 3-, and 5-yes
survival rate, based on Greenwood’s formula, as well as values of twic
the standard error for any interval computed by the binomial formula
have been conveniently tabled (31). Standard errors of the 1-, 2, .
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hese average ages, and determine the
955 life tables and have the following:

Inder 65 654

) Expected Average Expected
rate age rate
95 4 72 4 75 4
93. 9 77. 4 64. 8
89. 6 48. 9

wich age group by multiplying the 0-5-
| obtain the 0-10-year rate for all ages
rear rates in proportion to the number
that we use the number of cases aof
re concerned with the proportion of
» diagnosis. The rationale for this
tail (28). The expected 10-year sur-

(67 X 48.9)

e = 74.5
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d errors on either side of the computed

alculated by the life-table method, the

m Greenwood’s formula (30) ; detailed

applications, have been given (8, 9).|
8 been computed by the direct method |
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1 rate and n is the number of patients
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d 10-year survival rates, based on Greenwood’s formula, can be quickly
ymputed from tables published recently (32),

The standard error of the refative survival rate can be computed directly
vival rate by simply dividing

Material may be protected by copyright law (Title 17, U.S. Code)

The proof for this will be devel-

ed in the subsequent paragraphs.

Let » = the relative survival rate, p = the observed survival rate, and
the expected survival rate, Then, by definition, 7 == /P,

The standard error of the relative interval survival rate can be derived
m its rel-variance,® V7*:

V= Vf, + V% — 20,5V, V5

ce the observed and expected rates are drawn from independent popu-
ations, the correlation between P and § is zero, and

Vi V24

& expected survival rate is computed from life tables for

ulation, hence its rel-variance will usually be v

h that of the observed survival rate.
eglect it, and

the general
ery small in comparison
In practice we may therefore

V=2
ot = gt

a, = TO'I,/p == qp/i,

SUMMARY

The relative survival rate is defined as the ratio of the observed survival
te in a group of patients to the survival rate expected in & group similar
the patients in such characteristics as age, sex, and race, but free of the
ecific disease under study. The relative survival rate adjusts for deaths
- causes other than the disease under study and thus provides an
imate of the survival rate so far as the disease under study is concerned.
lieu of computing the relative survival rate, some physicians exclude
aths from other causes; it is argned here that this method has conceptual
d practical objections. Severa] features and applications of the relative

vival rate as a tool in the analysis of patient survival are discussed.

humber of methods, and pitfalls in these methods, for computing ex-

‘ted survival rates from population life tables are reviewed, and a simple
proximate method, along with tables of 1-, 3-, and 5-year expected

val rates, is presented, Finally, a formula for the standard error of
- relative survival rate is derived. ‘

he rel-variance is the square of the coefficient of v

arlation. Hansen, Hurwitz, and Madow (33) show how
ormula for V2 is derived.
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